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ABSTRACT 


A packed bed reactor for hydrocarbon processing and 
method of use is provided. The reactor comprises: 

(a) a first packed bed of particles in fluid communication 
with a feed inlet to said reactor, said first packed bed 
extending more than 3 to 18 inches in the direction of 
flow and comprising predominantly particles at least 
about § inch in diameter; 

(b) a second packed bed of particles in fluid communica- 
tion with said first packed bed and downstream of said 
first packed bed, said second packed bed extending at 
least 12 to 48 inches in the direction of flow and com- 
prising predominantly particles having diameters within 
the range of 3/16 to 5/16 inch and smaller than the 
average diameter of particles in said first bed; and 

(c) a third packed bed of particles in fluid communica- 
tion with said second packed bed and downstream of 
said second packed bed, said third packed bed compris- 
ing predominantly particles having diameters below £ 
inch, 

14 Claims, 2 Drawing Figures 
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TABLE 1 


10 


Conriguration 

Depth 
(inches) 

Particle 
Diameters 
finches) 

Type 

A 

6-12 

H 

■ spheres 

B 

6 

H 

saddles 


'6' 

hi 

spheres 

C 

12 

i 

rings 


24 

3/16 

tablets 


24 

1/5 

trilobes 


12 

1 

spheres 


12 

1/6 

spheres 

E 

4 

i - 

saddles 


• 3 

i 

spheres 


3 

i 

spheres 


3 

i ■ 

spheres 


4 

i 

saddles 


METHOD FOR CONTACTING 
SOLIDS-CONTAINING FEEDS IN A LAYERED 
BED REACTOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of applica- 
tion Ser. No. 547,162, filed Oct 31, 1983, which in turn 
is a continuation of application Ser. No. 316,387, filed 
Oct. 26, 1981 both abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to the chemical processing of 15 
hydrocarbonaceous fluid feeds containing suspended 
solids and more particularly to processing hydrocarbo- 

naceous feedstocks u nder hydrocarbon conversion con* OT « „ . A . - . ^ - ^„ M . 

TtMoiKin^^ SUMMARY OF THE INVENTION 

employed in a number of industries for converting fluid 20 According to this invention, a systematic method is 

feedstocks. The packing can be reactive material, cata- provided for the design of guard beds for processing 

lytic material, or inert material and can also act as depo- hydrocarbonaceous feedstocks. The method results in 

sition sites for reactants or products. novel packed bed reactor designs and novel processes 

Plugging problems can occur when packed bed reac- f° r contacting solids-containing feedstocks, in particu- 
tors are used to process fluids which contain suspended 25 lar » feedstocks contaminated with iron sulfide solids, 
solids. Plugging is manifested by an unacceptable pres- In its apparatus aspects, this invention comprises a 
sure drop across the reactor causing premature shut- packed bed reactor for treating a hydrocarbon feed- 
down, for example, the shutdown of catalytic reactors stock containing suspended solids which comprises: 
while usable catalytic activity remains. Granular filter _ n ( a ) 8 fa** packed bed of hydrothermally stable parti- 
media are used in many industries for the removal of cIes m communication with a feed inlet to said 
contaminants from liquids. reactor, said first packed bed extending more than 3 to 

However, temperatures and pressures, flow veloci- ^ inches in the direction of flow and comprising pre- 
ties, viscosities, fluid properties, and catalyst and sus- dominantly particles at least about J inch in diameter; 
pended solid composition and size distributions are so 35 W a sfcond packed bed of hydrothermally stable 
unique to petroleum refinery processing that unique particles in fluid communication with the first packed 
solutions are sought For example, while some indus- bed and downstream ofthe first packed bed, said second 
tries are interested in providing liquids of great clarity, Pfcked bed extending at least 12 to 48 inches in the 
thereby requiring filter techniques for the removal of Section of flow and comprising predominantly parti- 
suspended solids even smaller than 10 microns in diame- 40 cles havin S diameters within the range of 3/16 to 5/16 
ter, such techniques and filter designs have no applica- mc l? and s™^* 1 the average diameter of particles 
tion in petroleum refinery packed bed reactor technol- m ™f fl ^ ! ^ ?*"!',_ 

ogy where suspended solids of 10 microns in diameter , (c > a J™™ packed bed of hydrothermally stable parti- 

or less cannot plug a reactor containing, for example, cle f l ? fluid communication with the second packed bed 

catalyst particles of i inch in diameter. 45 and downstream of the second packed bed, said third 

However, plugging can be particularly troublesome P acke ? oompn^g predominantly particles having 

in downflow packed bed reactors. In the hydrocarbon dl f** ers bel o w { i ,'nch. 

processing industry, plugging is often encountered in do ^Zf^nfT^ "TT^JF*^? 0 "' 

downflow reactors that employ catalysts about I inch in tZ£^£^ SSFJFZ 

diameter or less, e.g., 1/32 to 3/32 inch in diameter. 50 ^SS^Xift M 

industry ,s to employ one or more guard beds above ^ the a of ^ m ^™ 

acuve catalyst particles u order to protect the catalyst paeked bed ^ tMrd ked be P d ^ fo £w^ya 

frommcommg ^ ^ ked bed in P nm c0T ^^^ 0n 0 ^;il 

^n^rA^ a^^*^ success, however. Even when multiple. ^ ^ ^ ^ downstrcam ofihc Mrd pac Q 

guard beds are used, catalytic reactors often experience bed and comprising predominantly particles having 

^T 6 PfematUrC sh * down - diameters below * inch and smaller than the average 

Particularly *oublesome is Ae uneven capture of sohds diame ter of the particles ir ithe third packed bed. 

m the guard bed leading to high local concentrations of ^ to its process a^ts, this invention comprises a pro- 

Jc' . . . * _ , cess for contacting a fluid hydrocarbon feedstock con- 

vT^iU^i b^oo^pra^onis descnbedm U.S. Pat taining suspended solids which comprises passing the 

No. 3,562,800 wherein layers of i inch and * inch alumi- feed through the above-described packed bed reactors 

num balls are used above a 1/32 inch catalyst bed. The under petroleum processing conditions, 
depths of the beds are unspecified, however. Table 1 65 

depicts several guard b ed sequences which have been BRIEF DESCRIPTION OF THE DRAWINGS 

used for downflow packed catalyst beds in the hydro- FIGS. 1 and 2 are schematic depictions of a reactor 

carbon processing industry. with the guard bed configuration of the invention. . 
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DETAILED DESCRIPTION OF THE 
INVENTION 

Staged nitration of suspended solids is a broad tech- 
nology wherein specific designs are needed for specific 5 
conditions. Impaction theory tends to predict beds 
which are too shallow to filter solids from a hydrocar- 
bon stream, in particular iron sulfide solids. The present 
invention provides a deep-bed, guard bed design strat- 
egy for high temperature, high pressure hydrocarbon 10 
feedstock processing directed toward the removal of 
suspended solids of greater than 10 microns in diameter 
from mixed phase gas-liquid-solid, and preferably, 
wherein said solids are iron sulfide, or have a density 
similar to that of iron sulfide. Furthermore, in preferred 15 
embodiments of this invention, the packed bed which is 
protected from plugging by the guard bed design of this 
invention contains particles of less than about 1 inch in 
diameter. For particles of less than | inch in diameter, 1 
find that suspended solids of greater than about 10 mi- 20 
crons in diameter form a critical size range which 
should be removed. 

According to this invention, it has been found that a 
packed bed of particles less than | inch in diameter can 
be protected from plugging by disposing guard beds 25 
upstream of the packed bed of particles. The guard beds 
have a graded particle size which decreases in the direc- 
tion of flow. The maximum particle size in the guard 
beds is typically § to 1 i inches, however, larger parti- 
cles can be used if desired. The minimum particle size is 30 
slightly above the average particle size of the principal 
contact particles or catalyst in the packed bed being 
protected. 

By "particles" herein referred to is meant the particu- 
late material used as a reactive, catalytic or inert mate- 35 
rial in guard beds, re gfttorft fttM E^t 6 Such material, as 
used in embodiments of the present invention, is prefer- 
ably mainly composed of porous in organic oxides such, 
as alumina, titania, clay^ and comprises both synthetic 
and naturally occurring minerals. Such materials must 40 
be suitable for petroleum refining processing condi- 
tions, i.e., temperatures up to about 1500° F. and pres- 
sures up to about 3500 psig. Since petroleum processing 
conditions of interest are characterized by elevated 
temperatures and a generally reducing atmosphere, 45 
often comprising the presence of hydrogen gas, I refer 
to materials suitable for the particles of the present 
invention as "hydrothermally stable". Such petroleum 
refining processes include both thermal processes and 
catalytic processes, e.g., visbreaking, hydrocracking, 50 
reforming hydrotreating, sulfur sorbing, hydrofining, 
etc., any petroleum refining process where a packed bed 
of particles £ inch in diameter or less could have in- 
creased pressure drop due to the presence of solids, 
such as iron sulfide, in the feedstream. While "petro- 55 
leum refining" and "petroleum refining conditions'* are 
referred to herein, it is to be understood that the present 
invention is applicable to any hydrocarbon feedstock 
including those derived from shale, coal and tar sands. 
Furthermore, the solids suspended in the feedstock may 60 
be other than iron sulfide and may in the latter instances 
comprise shale solids, tar sands solids or coal tar partic- 
ulate and ash. A preferred particulate material for the 
guard beds would be a spent catalyst particulate from 
the same refinery. (Of course, the solid suspended in the 65 
hydrocarbon feedstock is also a particulate material but 
I will avoid the use of the word "particle" in reference 
thereto to prevent confusion.) 


Particles will be described herein in terms of their 
average diameters. While spherical particles are very 
much preferred for use in the guard bed, th e^ guard bej 
jMrlir.lftS x.ai tbe in other configurations . For non-spheri- 
cal particles, the diameter is defined as the smallest 
diameter, i.e., the smallest surface-to-surface dimension 
through the center or axis of the particle, regardless of 
the shape of the particle. 

This invention is primarily applicable in downflow 
packed bed systems. The packed bed can be any gravi- 
ty-packed bed configuration, for example, a fixed bed, a 
moving bed, or a bed which permits incremental addi- 
tion of fresh particles. 

The word "fluid", as used herein, encompasses both 
liquid and gaseous phases. The feeds can be liquid-sol- 
ids, gas-solids, or gas-liquid-solids, and will generally 
contain no more than about 0.1 weight percent sus- 
pended solids. The most preferred application for this 
invention is the processing of fluids containing less than 
10 ppmw of solids, which is typical of petroleum refin- 
ery streams. The optimum guard bed design will depend 
upon the size distribution of solids in the feedstream. 
Typical solid size distributions of interest have an aver- 
age diameter between about 5 to 1,000 microns. Solids 
smaller than about 10 microns generally do not cause 
plugging problems in downflow packed beds. Solids 
above 1,000 microns in diameter generally are easily 
filtered by conventional means, prior to treatment in 
packed bed reactors. Solid size distributions suitable for 
this invention are found in a variety of feeds in the 
hydrocarbon processing industry. For example, naph- 
thas, vacuum and atmospheric residua, vacuum gas oils, 
diesel and medium distillate streams, and a variety of 
other feedstocks, including certain solids-lean synthetic 
oils derived from coal, oil shale and tar sands, etc. The 
suspended solid in petroleum-derived streams is primar- 
ily iron sulfide from scaling of upstream equipment and 
piping, however, other solids may be present as well. 

This invention employs in part the theory of impac- 
tion in packed beds which is described in Jackson et at, 
"Entrained Particle Collection in Packed Beds", 
AICHE Journal, November 1966, pages 1075-1078, 
which is incorporated herein by reference. According 
to this invention, however, it is found that impaction 
alone is not adequate to describe the behavior of solids 
in packed beds. While impaction theory might predict 
substantially all solids of a certain size should be trapped 
within the first few inches of a particle bed, it has been 
discovered that in practical applications solids which 
have impacted become re-entrained and travel further 
into the bed to impact other solids. Consequently, the 
guard beds for trapping the solids need to be signifi- 
cantly deeper than would be expected from impaction 
theory. 

In embodiments of the present invention, the hydro- 
carbon fluid is subjected to petroleum refining process- 
ing conditions. In particular, in embodiments of the 
present invention, the fluid will preferably move rela- 
tive to the guard bed particles with a superficial veloc- 
ity of from about 0.2 to about 0.6 inch per second for up 
to 90% of the time in the case of a liquid, and of up to 
about 8 inches per second for up to 90% of the time in 
case of a vapor. The fluid hourly space velocity in em- 
bodiments of the present invention will preferably vary 
from about 1 to about 100 depending upon the fluid 
phase and the guard bed length. 

It has been found that with typical feed solid size 
distribution, at least about 10 inches of 3/16 to 5/16 inch 
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particles are needed in the guard bed. If the depth of the about I inch in diameter. The second packed bed is at 

3/16 to 5/16. inch diameter particle bed is insufficient, least about 12 to 48 inches deep and can be more than 48 

solids of the critical size, i.e., larger than 10 microns, inches deep, preferably about 2 feet deep. The main 

will pass through and tend to agglomerate at the inter- catalyst bed contains cylindrical extrudate catalyst 1/32 

face between that bed and the adjacent bed. 5 to 3/32 inch in diameter, preferably about 1/16 inch in 

In the ideal situatron. a guard bed would have a con- diameter and with a lengtfcto-diameter ratio of from 2 

tmuously decreasing particle size including a region 2 M 10 . The main catalyst bed can be any depth. Prefera- 

^KS^" dee T ° f v T K ^' a V1 i to 5/16 ** firet and «cond beds contain spherical paS. 

inch diameter range. In practice/however, such contin- Thic ;* ^^jji., „„n" = j r * ^ 

uously decreasing^sixe is difficult to achieve. Satisfac ,o 2 aTaf^^^ 
tory results can be obtained with a plurality of discrete S^^a^^l^J- fP °° 
guard beds with each bed containing particles of pre- ^Tfm^fth^ f^iTu ^ &v ^ n ^' 
dominantly the same size. Consequent the tern. -ted" If m0St ? f ? e *** by W ? ght ««dtoH»n 
asusedheremwUlmdudearegionofparticlesofvary. f° J""?? in S ^ ca ?Sf: bcd ^ 
ing particle size within the particle sizTlimits defined 15 f e P^ed ^ y about 12 inches of 3/16 to S/^mch diame- 
fbrthebed. ter spheres on top of about 12 inches of 1/16 to 3/16 
It is conceivable that thin intermediate beds or ™ h diameter s P heres - The additional 1/16 to 3/16 inch 
screens may be disposed between one or more of the s P he res should also be used where the main catalyst bed 
guard beds. While the reactor should preferably com- contams catalyst smaller than about 1/16 inch in diame- 
prise particles whose diameter decreases essentially 26 ter " If . most of ^ fecd solids by weight are larger than 
continuously in the direction of flow, the thin interme- ?°° microns in diameter, the first catalyst bed should be 
diate beds may contain particles larger than those in one increased in depth, 
or more of the upstream beds: The thin intermediate EXAMPLE 2 
beds should not, however, comprise particles smaller 

than downstream beds, as this will promote uneven 25 Gas-Solid' Feeds 

solids capture, leading to premature pressure drop Again referring to FIG, 1, the first particulate bed 3 

nuikl-up. in this case should contain spheres above i inch, prefer- 

The number of guard beds and the size of the bed My j to U mches in dia ^ eter> ^ p J c *£y 

S?£- In UPGI ? ^ about ? inch i« diameter. T^e fct packed bSt mo e 

5f ^ 6 T*? ^1^!^^ hq " 30 **» about 3 ^ches deep and can extend up* lTor 

uid-sohd, gas-solid, and gas-hquid-sohd feeds. The ex- ; ' 1™. ^ i/- ^ ^ 10 ur 

amples will Ulustrate the L of mert guard bed p^^ ^k^Sfc £2 T ^ ete ' ™ e £* ^ 

above catalyst beds; however, it should be understood ™ l * !j£i y . a b0tt l? ^ d ^.^e second 

that the guard bed particles may themselves contain En £ T P^ 01 ^?* P?* cl f: 3 ' 6 to 

active catalyst materials such as transition metals, etc. « / ""J" ^eter, preferably about i inch in diame- 

The guard bed particles may, in fact, be of the same 33 f «tend from about 12 io 48 inches in 

composition as the main catalyst or contact particles, ' P™"^ about 24 inc hes. The main catalyst 

and may be spent catalyst of said composition. . ^S* 111 a cylindrical extrudate catalyst 1/32 to 3/32 

The designs depicted in the following examples are ""^ m d**™**' preferably 1/16 inch in diameter, and 
embodiments of the invention suitable for processing ^ havim 3 a length-to-diameter ratio of 2 to 10. Again, this 

hydrocarbonaceous feedstocks at typical refinery pro- desi Sn » suit ed f ° r capturing solids of 5 to 1,000 mi- 

cessing conditions, for example, elevated pressures of Prometers in diameter, preferably with an average parti- 

up to about 3500 psig and elevated temperatures of up cie- diameter of 25 to 250 micrometers. If most solids to 

to about 1500° F., preferably pressures of 500 to 3000 be captured by weight are smaller than 50 micrometers, 

psig and temperatures of 300* F. to 1200° F., more pref- d5 ^ e second packed bed can be replaced by 18 inches of 

erably pressures of 1000 to 2000 psig and temperatures 3/16 to 5/16 incn spheres followed by about 6 inches of 

of 600- F. to 900* F. These embctdiments are also pre- 1/16 to 3/16 mch spheres. Also the first catalyst bi^ can 

fared for the treatment of hydrocarbonaceous feed- ^ replaced by about 6 inches of about i inch diameter 

stocks, and particularly, hydrocarbonaceous feedstock spheres. In gas phase reactors, a number of flakes of 

contaminated with iron sulfide solids. Of course, the Sft sulfides from upstream equipment can be much larger 

temperature and pressure in a given guard bed will vary than the remainder of the feed particles. When this 

within and between these ranges with time during the condition is encountered or when most of the feed 

same run. solids by weight are solids larger than 300 micrometers 

EXAMPI F 1 m ' ^i ameter » tne ***** particulate bed should contain 

■ t 55 about 12 inches of spheres of about 1 inch in diameter. 

Liquid-Solid Feed If severe plugging problems are expected, an addi- 

Referring to FIG. 1, the hydrocarbon feedstock en- * on *\ about 12 mches dee P' of spheres 1/1 6to3/16 

ters the reactor 1 through an inlet and encounters a first mch m diaineter can be employed between the second 

packed bed 3 containing particles above g inch, prefera- packed bed and the main catalyst bed. The additional 

bly I to 1 inch, and most preferably about J inch in 60 bed of 1/16 to 3/16 mch spheres should also be used 

diameter. The first packed bed is more than about 3 when ^ ma * n catalyst bed contains catalyst smaller 

inches deep and can extend up. to about 18 inches or ihan about 1/16 mch in diameter, 

more in depth, e,g., 24, 36 inches, etc. The preferred EXAMPLE 3 
depth of the first packed bed is 6 inches. The function of 

the first bed is to trap large solids and to stabilize the 65 Gas-Liquid-Solid Feed 
lower beds and protect them from inlet surges, etc. The Referring to FIG. 2, the hydrocarbon feed to the 
second packed bed 2 contains predominantly particles reactor 1 encounters the first packed bed 6 which con- 
in the range of 3/16 to 5/16 mch in diameter, preferably tains particles above f inch in diameter, preferably i to 
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1 inch, and most preferably about i inch. The depth of 
the first packed bed is more than about 3 inches, and can 
be up to 18, 24, 36 or more inches, preferably about 6 
inches. The second packed bed 5 contains spheres pre- 
dominantly 3/16 to 5/ 16 inch in diameter and is 12 to 48 
or more inches in depth, preferably about 18 inches in 
depth. The third packed bed 4 contains particles of 1/1 6 
to 3/16 inch in diameter, preferably about i inch in 
diameter. The third packed bed is at least about 3 to 18 
or more inches in depth, preferably about 6 inches in 
depth. The main catalyst bed is preferably cylindrical 
extrudate catalyst 1/32 to 3/32 inch in diameter, prefer- 
ably about 1/16 inch in diameter, and having a length- 
to-diameter ratio of about 2 to 10. Again, this example is 
well suited for capturing solids with an average size in IS 
the range of 5 to 1,000 micrometers, preferably 25 to 
250 micrometers in diameter. If most of the solids to be 
captured by weight are smaller than about 50 microme- 
ters in diameter, the third packed bed 4 should be in- 
creased in depth to about 12 inches and the second 20 
packed bed 5 can be reduced in diameter to about 12 
inches. If most of the solids to be captured by weight 
are larger than about 300 micrometers, the first catalyst 
bed should be about 12 inches in depth. Where the main 
catalyst bed contains particles smaller than about 1/16 25 
inch in diameter, the third packed bed should be at least 
about 12 inches deep. 

The configurations described in Examples 1 through 
3 are primarily suited for reactors which in the absence 
of the guard bed form undesirable plugs when less than 30 
20% of their normal catalyst life would be utilized. If 
the reactors would operate substantially more than 
about 20% of their normal catalyst run life without the 
guard beds, then the guard bed design could be modi- 
fied to reduce the depth of particles in the second 
packed bed, i.e., the 3/16 to 5/16 inch particles. 

The following experimental results illustrate the dras- 
tically improved performance of a downflow cold 
model pilot plant reactor 4 inches in diameter contain- 
ing 1/16 diameter extrudate catalyst The feed was 40 
hexane containing £ to 1% solids which had been col- 
lected from a fouled reactor and which comprised es- 
sentially iron sulfide. These iron sulfide solids are repre- 
sentative of the particulate contaminant encountered in 
commercial practice. Hexane was chosen to approxi- 
mate the density and viscosity of liquid naptha at nor- 
mal process temperature and pressure. The concentra- 
tion of the feed solids was deliberately much higher 
than ordinarily encountered in practice in order to re- 
duce the time of the experiment. The results are de- 
picted in Table 2. The reactor loading is in the down- 
ward direction. 


35 


45 


50 


TABLE 2 


Reactor Loading 


Collected 

Solids 
(lbs./sq. ft.) 


Pressure 
Drop 
(psi) 


Length 
of Run 
(min.) 


12 inches of 1/16 inch 3.4* 

diameter cylindrical 

extrudate 

12 inches of i inch 2.1* 

spheres + 12 inches of 

1/16 inch diameter 

cylindrical extrudate 

12 inches of k inch 7.6 

spheres + 12 inches of 

1/16 inch diameter 

cylindrical extrudate 

24 inches of J inch 13.9 

spheres +12 inches of 

1/16 inch diameter 


10 


0.3 


0.4 


55 


60 


65 


21 


8 

TABLE 2-continued 


Reactor Loading 


Collected 

Solids 
(lbs./sq. ft.) 


Pressure 
Drop 
(P»> 


Length 
of Run 
(min.) 


cylindrical extrudate 
6 inches of 1 inch 
spheres + 12 inches of 
i inch spheres + 
6 inches of | inch 
spheres + 12 inches of 
1/16 inch diameter 
cylindrical extrudate 


22.8 


1.5 


43 


•Most solids collected in first 2-3 inches of 1/16 inch caUlyst bed. 

It is seen that when no guard bed is used, a very low 
solids loading was obtained, and the 10 psi pressure 
drop occurred after only 6 minutes of operation. With a 
guard bed containing only 12 inches of i inch spheres, 
the solids loading was also low and the 10 psi pressure 
drop occurred after only 4 minutes. With guard beds 
containing 12 or 24 inches of 1 inch spheres, the solids 
collection was significantly increased with only a very 
low pressure drop after much longer run times. The 
triple guard bed was allowed to operate to a higher 
solids loading and pressure drop. 

Those skilled in the art will recognize that the guard 
bed design depicted herein can be modified to account 
for differences in feed solids, etc. without departing 
from the spirit and scope of this invention. Such modifi- 
cations are contemplated as equivalent of the embodi- 
ments particularly described herein. 

What is claimed is: 

1. A process for contacting a fluid hydrocarbon feed 
containing suspended solids comprising passing said 
feed through a packed bed reactor containing catalyst 
particles of about k inch diameter or less comprising: 

(a) a first packed bed of hydrothermally stable parti- 
cles in fluid communication with a feed inlet to said 
reactor, said first packed bed extending more than 
3 to 18 inches in the direction of flow and compris- 
ing predominantly particles at least about 3 inch in 
diameter; 

(b) a second packed bed of hydrothermally stable 
particles in fluid communication with said first 
packed bed and downstream of said first packed 
bed, said second packed bed extending at least 12 to 
18 inches in the direction of flow and comprising 
predominantly particles having diameters within 
the range of 3/16 to 5/16 inch and smaller than the 
average diameter of particles in said first bed; and 

(c) a third packed bed of hydrothermally stable parti- 
cles in fluid communication with said second 
packed bed in downstream of said second packed 
bed, said third packed bed comprising predomi- 
nantly particles having diameters below £ inch 
wherein the packed bed reactor is maintained at 
elevated pressures of up to about 3,500 psig and 
elevated temperatures of up to 1500' F. 

2. A process according to claim 1 wherein at least one 
of said first and second packed beds comprises substan- 
tially spherical particles. 

3. A process according to claim 1 wherein said sus- 
pended solids comprise iron sulfide. 

4. A process according to claim 1 wherein said feed 
contains liquid and solids and is passed downwardly 
through said reactor, said first packed bed comprises 
predominantly particles within the range of 1 to § inch 


12/20/2002, EAST Version: 1.03.0002 


4,615,796 


in diameter, and said third packed bed comprises pre- 
dominantly particles 1/32 to 3/32 inch in diameter. 

5. A process according to claim 1 wherein said feed 
comprises gas and solids and is passed downwardly 
through said reactor, said first packed bed comprises 
substantially particles within, the range of 1 to 1 inch in 
diameter, and said third packed bed comprises particles 
predominantly within the range of 1/32 to 3/32 inch in 
diameter. 

6. A process according to claim 12 wherein said first 
packed bed comprises predominantly particles about J 
inch in diameter and second packed bed comprises pre- 
dominantly particles about J inch in diameter. . 

7. A process of contacting a hydrocarbon fluid feed 


10 


10 


(d) a fourth packed bed of hydrothermally stable 
particles in fluid communication with said third 
; packed bed and downstream of said third packed 
bed, said fourth packed bed comprising predomi- 
nantly particles having diameters below i inch and 
smaller than the average diameter of particles in 
said third packed bed and wherein the packed bed 
reactor is maintained at elevated pressures of up to 
about 3,500 psig and elevated temperatures of up to 
1500" F. 

8. A process according to claim 7 wherein at least one 
of said first and second packed beds comprises substan- 
tially spherical particles. 

9. A process according to claim 7 wherein said feed 


containing suspended solids comprising passing said 13 com P ris ^ "quids, gas and solids and is passed down 


20 


feed in a dpwnflow direction through a packed bed 
reactor comprising: 

(a) a first packed bed of hydrothermally stable parti- 
cles in fluid communication with a feed inlet to said 
reactor, said first packed bed extending more than 
3 to 18 inches in the direction of flow and compris- 
ing predominantly particles within the range of § to 
1£ inches in diameter; 

(b) a second packed bed of hydrothermally stable 2 s 
particles in fluid communication with said first 
packed bed and downstream of said first packed 
bed, said second packed bed extending at least 12 to 
48 inches in the direction of flow and comprising 


wardly through said reactor, said first packed bed com- 
prises predominantly particles within the range of i to I 
inch in diameter, said third packed bed comprises pre- 
dominantly particles within the range of 1/16 to 3/16 
inch in diameter, and said fourth packed bed comprises 
particles predominantly within the range of 1/32 to 
3/32 inch in diameter. 

10. A process according to claim 9 wherein said first 
packed bed comprises predominantly particles about £ 
inch in diameter, said second packed bed comprises 
predominantly particles about \ inch in diameter, and 
said third packed bed comprises predominantly parti- 
cles about | inch in diameter. 


- . . . , . . ... 11. A process according to claim 4 wherein said fluid 

predoniniain^ diameters within 30 feed contains less than 0J1% by weight solids and said 

the range of 3/16 to 5/16 inch and smaller than the soii ds in feed have an average diameter in the range 

average diameter of particles in said first bed; of 25 to 250 micrometers, 

(c) a third packed bed of hydrothermally stable parti- 12. A process according to claim 7 wherein said fluid 

cles in fluid communication with said second feed contains Jess than 0.1% by weight solids and said 

packed bed and downstream of said packed bed, 35 solids and said feed have an average particle diameter 

said third bed extending 3 to 48 inches in the direc- within the range of 25 to 250 micrometers, 

tion of flow, said third packed bed comprising 13. A process according to claim 11 wherein said feed 

predominantly particles having diameters within contains less than 10 ppm by weight solids, 

the range of 1/16 to 3/16 inch and smaller than the 14. A process according to claim 12 wherein said feed 

average diameter of particles in said second bed; 40 contains less than 10 ppm by weight solids, 

and ***** 
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60 
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